Summary. In mares, the amount of gonadotrophin-releasing hormone (GnRH) is low in the hypothalamus during seasonal anoestrus, but by early spring, concentrations of GnRH are high. The timing of this response was characterized more precisely by determining concentrations of GnRH in hypothalamic tissue collected immediately before and at various times after the winter solstice (22 December 1986). Ovaries, pituitary gland, hypothalamus and a blood sample were collected from six groups of mares (6\p=n-\12 mares per group) at death, 1 week before day of the winter solstice and 1, 2, 3 and 12 weeks afterwards. No significant changes in weight of the anterior pituitary gland or concentrations of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) were observed in the anterior pituitary gland (P > 0\m=.\1). Mean diameter of the largest follicle, number of follicles \m=ge\ 20 mm in diameter and concentrations of LH and FSH in serum remained unchanged for weeks \m=-\1 to +3 (P > 0\m=.\05), then increased significantly by week 12 (P < 0\m=.\001). Content and concentration of GnRH in the median eminence was low at \m=-\1 week, increased gradually (P < 0\m=.\05) to a maximum by + 1 week, then decreased gradually (P < 0\m=.\05) to low values at 12 weeks.
Introduction
In mares, a period of transition from reproductive quiescence (anoestrus) to cyclical activity (breeding season) occurs annually in association with increasing daylength (Arthur, 1958; Osborne, 1966 ). Daylength appears to induce these changes, with long days stimulating the attainment of reproductive competence (Burkhardt, 1947; Loy, 1968 ; Kooistra & Ginther, 1975; Palmer et al, 1982) and short days inhibiting this development (Loy, 1968 ; Kooistra & Ginther, 1975) . During anoestrus, follicular development is minimal and signs of oestrous behaviour are absent or sporadic (Ginther, 1979) . Hypothalamic and pituitary function appear to be depressed near the time of the winter solstice. Mean concentrations of luteinizing hormone (LH) (Garcia & Ginther, 1976; Oxender et al, 1977; Freedman et al, 1979) and follicle-stimulating hormone (FSH) (Silvia et al, 1987) in serum are low, reflecting an infrequent pattern of episodic release Fitzgerald & Mellbye, 1988; Hines et al., 1991) . Concentrations of LH extracted from pituitary tissue are significantly low at this time (Hart et al, 1984; Silvia et al, 1986) , but pituitary concen¬ trations of FSH are not reduced in tissue collected during anoestrus. Hart et al (1984) reported a significant reduction in hypothalamic content of gonadotrophin-releasing hormone (GnRH) during anoestrus (tissue collected on 22 December). Secretion of GnRH, as measured by pushpull perfusion of the medial basal hypothalamus, was also significantly lower in perfusate from anoestrous mares (Sharp & Grubaugh, 1987) .
As daylength increases gradually, and mares begin the transition into the breeding season, basal concentrations of LH and FSH as well as pituitary concentrations of LH increase gradually (Silvia et al, 1986; Silvia et al, 1987) . However, early in this transition period (15 March) , content of GnRH in hypothalamic tissue has already risen markedly, to values that are not different from those observed during the breeding season, while pituitary LH still remains depressed (Hart et al, 1984) . On the basis of these observations, the seasonal restoration of reproductive endocrine func¬ tion in mares appears to occur more rapidly at the hypothalamic level than at the pituitary or ovarian level. In a subsequent study, the GnRH content of hypothalamic tissue collected from anoestrous mares (tissue collected on 9 January) was not reduced (Silvia et al, 1986 8, 11, 6, 9, 10, and 12 for groups -1,0, +1, +2, +3 and + 12, respectively.
Pituitary tissue and serum
The posterior pituitary was removed and an anterior pituitary homogenate prepared as previously described (Hart et ai, 1984) . Concentrations of LH (Silvia & Fitzgerald, 1991) and FSH (Hines et ai, 1987) (1980) : (i) the anterior hypothalamic/preoptic-suprachiasmatic area and (ii) the body of the hypothalamus. Each region was weighed then extracted with methanol-formic acid (Hart et ai, 1984) for subsequent measurement of GnRH content by radioimmunoassay. A double-antibody radioimmunoassay using an equine anti-GnRH generated in our laboratory was used to measure GnRH in extracts from hypothalamic tissue. The anti-GnRH antiserum was prepared by injection of horse mares with GnRH that had been conjugated to human serum albumin (Safir et ai, 1987 Hypothalamic samples (of which all samples from this study were a subset) were run in duplicate using each assay system to compare the M77-GnRH assay system with an established assay for GnRH (Nett & (SAS, 1985) . Data with significant heterogeneity of variance were transformed to the natural logarithm before analysis. When the overall effect of time was significant, group means were compared by Tukey's HSD, at alpha = 005 and 001 where appropriate. In addition, significance of the orthogonal contrast of groups -1,0, +1, +2 and +3 versus group + 12 was tested.
Results
The estimated age of mares at the time of tissue collection was not different between groups (P > 005) (overall mean + sem: 10-48 + 0-74 years). On the basis of the observation that there was no luteal tissue in the ovaries and that concentrations of progesterone were < 1 ngmP1 (Hughes et al, 1972) , all mares used in this experiment were considered seasonally anovulatory. The mean ( + sem) concentration of progesterone in serum for all mares was 0-117 + 0-019 ng ml~' (Table 1 ) . Ovarian activity, reflected by the parameters shown in Table 1 , did not change over the 4 weeks spanned by groups -1 to +3 (P > 0-1). Mares in these groups were considered to be in deep anoestrus (Silvia et al, 1986 ). There was a significant increase in both the number of follicles >20mm in diameter and diameter of the largest follicle by the 12th week after the winter solstice (P < 001). Although there was no overall effect of group on paired ovarian weight, when the sums of squares were partitioned for the orthogonal contrast of groups -1,0, +1, +2 and +3 versus group +12 a significant increase was observed (P < 001). Both LH and FSH concentrations remained relatively low and did not change over the initial 4 weeks (Fig. 1) and then increased significantly by week + 12 (P < 0-05). The large standard error associated with the mean gonado¬ trophin concentration for group +1 reflects extremely high values observed in one individual, possibly due to an episodic release of those hormones. 
Discussion
In this experiment, content of GnRH in the median eminence of nonpregnant horse mares was lowest 1 week before and 12 weeks after the winter solstice. Although not significantly increased on the day of the solstice, the mean concentration of GnRH for group 0 was two-fold higher than that of group-1. By 1 week after the solstice, the increase in mean content of GnRH in median eminence tissue had reached significance. At this time daylength was only 2 min longer than at the solstice (Table 1) . It seems extremely unlikely that this small increase in daylength could be of any conse¬ quence in terms of stimulating synthesis of GnRH. The above sequence of events therefore appears compatible with a system that has become refractory to the preexisting 'short' photoperiodic environment. The phenomena of refractoriness to a prevailing photoperiod is well documented in seasonally breeding species (Turek et al, 1975; Bittman, 1978; Robinson & Follett, 1982; Robinson et al, 1985) . Reports from other laboratories support the possibility that refractoriness occurs during exposure to continued inhibitory photoperiods in both male and female equids. In mares, maintenance on short days, beginning from late fall, resulted in an interval to first ovulation not different from ambient controls (Kooistra & Ginther, 1975; Palmer et al, 1982) . Similarly, testicular size, sperm output and GnRH-stimulated LH release did not differ, at various collection times leading into the breeding season, for stallions maintained on ambient or short photoperiods (Clay et al, 1987a, b) . The mechanism responsible for this postulated refractory condition is unknown.
In mares, the hypothesis that an endogenous circannual rhythm underlies seasonal changes in reproductive activity has not been investigated. However, when the photic pathway from the eyes to the hypothalamus is interrupted, either by superior cervical ganglionectomy or pinealectomy, the interval to first ovulation in the first post-operative breeding season is not different from that of control (sham-operated) mares (Sharp et al, 1979; Grubaugh et al, 1982) .
The increase in follicular activity and serum concentrations of LH and FSH seen in mares of group + 12 was expected, based upon previous results (Hart et al, 1984; Silvia et al, 1986; Silvia et al, 1987) . It was anticipated that these animals would be well into the vernal transition, by which time concentrations of GnRH in the hypothalamus have recovered from the suppression associated with deep anoestrus.
Ability of endogenous (Alexander & Irvine, 1987) as well as exogenous (Ginther & Wentworth, 1974; Irvine et al, 1975; Evans & Irvine, 1976; Oxender et al, 1977; Thompson et al, 1983; Hines et al, 1987; Silvia et al, 1987) (Garza et al, 1986; Satire/ /., 1987; Kabbetal., 1990) . In view of the aforementioned findings, low circulating concen¬ trations of LH and FSH, observed during the 4 weeks associated with the winter solstice (groups -1,0, + 1, +2 and + 3), were probably a reflection of minimal secretion of GnRH. This reasoning is further supported by the direct measurements of Sharp & Grubaugh (1987) . The signficant increase in gonadotrophin concentrations 12 weeks after the solstice is probably a result of renewed GnRH release. The coincidental, significant reduction in hypothalamic content of GnRH at this time also supports this result.
In agreement with previous work (Hart et al, 1984; Silvia et al, 1986) (Kim et al, 1988) . In addition, acute treatment of pituitary cell preparations with GnRH did not increase incorporation of radiolabelled amino acids into LH that was immunoprecipitated from the medium (Liu et al, 1976 
